abstract Large-scale disturbances under the conditions of Slovakia, caused especially by storm and bark beetle, bring dramatic decline in carbon budget of the country, besides other negative consequences. The largest disturbance in modern history of the Slovak forestry was the storm damage that occurred in November 2004. The Tatra National Park (TNP) was one of the most affected regions. Thus, in this territory, two transects (T1 -the Danielov dom site and T2 -near the Horný Smokovec village) were established to survey basic dendrometric properties of trees in young stands established after the disaster. The standing stock of aboveground biomass in tree cover for the spring and autumn 2014 was calculated using the recorded variables, i.e. tree height and diameter measured at the stem base, together with the region-specific allometric relations . Then, the Aboveground Net Primary Production (ANPP) in tree cover was estimated with respect to its components (stem, branches and foliage). ANPP was 315 g m −2 per year (Transect T1), and 391 g m −2 per year (Transect T2). The differences in the structure of ANPP, i.e. contribution of tree components, were found between transects T1 and T2. They were caused by the contrasting tree species composition, specifically the ratios between Norway spruce and broadleaved species. Broadleaves allocated more biomass production to foliage than spruce. This phenomenon together with higher turnover (once a year) of foliage caused that broadleaves manifest higher share of fast-cycling carbon in comparison to the amount of carbon sequestrated in woody parts (stem and branches). High variability of ANPP was found within the transects, i.e. among the plots (microsites). As for the representative estimation of the standing stock of aboveground part of tree cover as well as ANPP at the post-disturbance area in the TNP territory, the survey should be performed on a net of research plots. Only this approach enables reliable estimates of carbon amount sequestrated in woody parts, eventually carbon yearly absorbed by young forest stands.
introduction
Although so far no direct scientific evidence exists for more frequent occurrence and higher velocity of winds as a consequence of climate change, a review book by Gardiner et al. (2011) has shown a gradually increasing number of disturbance episodes caused by windstorms in the European forests. Destruction of forest stands, especially in the case of delayed forest cover regeneration brings deterioration in carbon budget at a regional scale (Dale et al. 2001) . The carbon losses are mainly due to the decreased amount of above-ground biomass (Kurz & Apps 1999) and stimulated carbon emission from the soil environment (Lal & Follett 2009) . Hence, mutual stimulation may arise between the phenomena: climate change  disturbance of forest ecosystems  climate change. Liu et al. (2011) showed a sharp decrease in soil carbon content, litter and especially in biomass (considering all parts of forest ecosystem, however, dominated by trees) after disturbances of forest cover. Reaching the original status (pre--disturbance) usually takes a couple of decades and carbon losses relate to timing of forest regeneration. To evaluate the absorption of carbon from the air by vegetation it is necessary to define the Net Primary Production (NPP). The NPP represents the energy (eventually the amount of produced biomass or carbon absorbed in the form of CO 2 ) accumulated in plants via a process of photosynthesis after subtracting a part of energy consumed for respiration (e.g. Waring et al. 1998) . In fact, the NPP at a tree or stand level equals biomass (if appropriate carbon) of all tree components created in certain period, usually expressed for one year. The quantification of NPP in the specific types of forest ecosystems, or their different growth stages has not been performed in the conditions of Slovakia yet. Only few partial works exist (e.g. Konôpka et al. 2013; Pajtík et al. 2013) . Moreover, there is a lack of results dealing with NPP estimated for a variety of forest communities in different ecological conditions also in other developed countries. Actually most of the existing studies related to NPP omitted some tree components, most frequently belowground biomass (e.g. Kho et al. 2013) .
For estimations of biomass stock and production, and eventually their structure, it is necessary to have mathematical models parameterised for a specific region. During the last two to three decades the models for the quantification of biomass in tree components of the most important forest tree species were constructed by many European scientific groups, usually by means of allometric relations or expansion factors (Chroust 1985; Chroust & Tesařová 1985; Marklund 1987; Cienciala et al. 2006; Tobin & Nieuwenhuis 2007; Seidl et al. 2010 , Skovsgaard et al. 2011 Pajtík et al. 2011a and some others). Wirth et al. (2004) pointed out that almost all works focused on the construction of models for trees with stem diameter (dbh; measured at 130 cm height from the ground level) over 7 cm. Therefore, the biomass models for young (small) trees are missing. Thus, for instance, in the case of Norway spruce (Picea abies), allometric equations were constructed exclusively for young stands from natural regeneration in Slovakia (Pajtík et al. 2008 ) and for young stands planted on former pastures in Romania (Dutca et al. 2010) .
In modern history of Slovak forestry, the largest disturbance episode happened on 19 th November 2004. The windstorm damaged the forest stands on leeward sites, i.e. on southern and south-eastern slopes in the Low Tatra and especially High Tatra mountains. Besides the Tatra Mountains, some wind disturbances occurred in the Orava region and the Slovak Ore Mountains. The wind disturbance affected 12 thousand hectares of forests within the territory of the Tatra National Park (hereinafter TNP; Koreň 2005) . Consequently, bark beetle outbreak spread over a large area and devastated neighbouring spruce stands (Nikolov et al. 2014 ).
In addition, another windstorm accompanied by intensive rainfall (on May 14 th and 15 th , 2014) damaged the remaining forest stands at the territory of the TANAP (Gubka et al. 2014) . Thus, two wind disasters and bark beetle outbreak caused the reduction of old-forest area to 1/10 of the former acreage (considering the situation before 2014). It means that 90% of the former forest area is either nearly treeless or covered by young forest stands aged up to 10 years.
The previous surveys conducted at the TNP area (Kaštier & Bučko 2010; Šebeň 2011a , 2011b indicated that the young post-disturbance stands are composed prevailingly by: Norway spruce, rowan (Sorbus aucuparia), birches (prevailingly Betula pendula), goat willow (Salix caprea), and at some sites also larch (Larix decidua), and Scots pine (Pinus sylvestris). Therefore, for the calculation of the standing stock of these forest stands local allometric models, especially for these species, are necessary. In the previous activities, we constructed such models for Norway spruce (Pajtík et al. 2008) and Scots pine (Pajtík et al. 2011a ) at a national level. Moreover, we collected tree samples also in the area of the TNP and constructed region-specific allometric functions for rowan (Pajtík et al. 2015a) , goat willow and larch (Pajtík et al. 2015b) .
The aim of the paper is to estimate the standing stock of the aboveground biomass in tree cover at the selected sites of post-disturbance area in the TNP in the spring 2014 and autumn 2014. The paper further focuses on estimating the Aboveground Net Primary Production (hereinafter ANPP) in the tree cover ten years after the large-scale wind damage as well as its structure by components (stem, branches and foliage).
Material and Methods

Site description
The research activities were conducted at a post-disturbance area after the intensive windstorm that happened in the TNP on 19 th November 2004. The storm damaged mostly forests at altitudes between 700 and 1,400 m a.s.l. in the TNP concentrated prevailingly in a continual belt oriented in a west-east direction, approximately 35 km long and 5 km wide (Šebeň 2011a) . The forest soils at the post-disturbance area consist mainly of cambisols and podzols. The bedrock is predominantly formed of granodiorite. The climate is characterised by low mean annual temperatures (cca 4.0 °C), high precipitation totals (about 1,000 mm) and nearly 140 days of snow cover (Vološčuk et al. 1994) .
In 2014 (the tenth growing season after the disturbance incident), the area was prevailingly covered by young forests that originated from both natural regeneration and planting. Open areas between the young forest stands were covered by grasses (e.g. 
Field work and calculations
The transects were 4-m-wide including 4-m-long plots with measured trees isolated by 8-m-long gaps without any measurements to ensure that the measured plots were not mutually influenced. Thus, every square plot (area 4 × 4 m) represented an independent entity for the estimation of standing stock and ANPP of tree cover. In total, each transect was approximately 300 m long and included 25 plots. Height and stem diameter at ground level (d 0 hereinafter) of all young trees including annual seedlings inside the plots were measured. At T1, around 400 individuals were subjected to the measurements at the beginning and the end of the growing season 2014. At T2, the number of measured trees was nearly 600.
The data on tree height and diameter d 0 were used in species-specific allometric models for the calculation of aboveground biomass at a tree level. The allometric models originated mostly from our previous papers (Konôpka et al. 2010; Konôpka et al. 2015; Pajtík et al. 2015a,b) . The allometric models express particular aboveground tree components, i.e. stem (Appendix 1a), branches (Appendix 1b) and foliage (Appendix 1c). Biomass estimates were calculated for each tree at the plots. Afterwards, standing stock of aboveground biomass in tree vegetation was calculated for each plot. Finally, mean standing biomass (grams per m 2 ) was expressed for two periods, i.e. the beginning and the end of the growing season 2014, and for each transect.
The NPP of aboveground components was estimated as a combination of plot-specific and species-specific measurements. Thus, NPP at each plot was calculated as a sum of productions of individual tree species growing on the plot. NPP of branches and stems was expressed as a difference between their standing stock in autumn (before fall of foliage) and spring (before bud burst). The same procedure was used for NPP of foliage in broadleaved species and larch. In the case of spruce, NPP of needles was calculated as 1/6 of their autumn standing stock (it relates to number of age-classes; see e.g. Schmidt-Vogt 1977) and for pine as 1/3 of needle standing stock in autumn (e.g. Konôpka 2003 ). The mean NPP was calculated separately for each transect by averaging NPP from all the plots of the specific transect. Mean NPP (gram per m 2 per one growing season or per year) for each transect was estimated by the tree components.
Data manipulation was performed in Excel, and calculations and analyses were performed in Statistica 10.0 and FoxPro. The Student's t-test (considering α = 0.05) was used to determine the significance of the differences in the standing stock of aboveground biomass and ANPP in tree cover between transects T1 and T2 or between the spring and autumn.
results and discussion
The results indicated high spatial variability (i.e. differences between plots) in tree density and basic tree characteristics (Table 1) . As for the differences between transects T1 and T2, similar values of mean diameter d 0 and tree height were found. On the other hand, tree density and standing stock (expressed on area measured at the ground level) were higher at transect T2. Great differences between transects T1 and T2 were found in tree species composition (Table  2) . While the stands at transect T1 were spruce dominated number of rowan trees increased during the growing season, the opposite tendency was found for spruce. It seems that the natural regeneration of rowan (individuals established in 2014) was more intensive than that of spruce.
The estimates of standing stock of aboveground biomass in tree cover indicated only a small (insignificant; Student's t-test considering p = 0.05) difference between transects T1 and T2 (Table 3) . While in the spring the standing stock was 636 g m −2 and 788 g m −2 at transects T1 and T2, respectively, in the autumn the standing stock at T1 was 950 g m −2 and 1054 g m −2 at T2. The standing stock of the aboveground part in tree cover increased during the growing season by 49% and 34% at transects T1 and T2, respectively. If we consider a hectare base (a generally recognised unit in forestry practice), the standing stock of the aboveground biomass in tree cover at transect T1 was 6.4 t of dry matter (i.e. cca 3.2 t of carbon) in the spring and 7.9 t of dry matter (cca 4.0 t of carbon) in the autumn. Similarly at transect T2, the standing stock was 9.5 t of dry matter (i.e. cca 4.8 t of carbon) per ha in the spring and 10.5 t of dry matter (cca 5.3 t of carbon) per ha in the autumn.
(contribution of 78% to total number of trees), transect T2 was prevailingly dominated by broadleaved species such as rowan, goat willow and birch. Although spruce was the most frequent species, it represented only around 41% of the total number of trees. Considering the situation at both transects, we identified nine tree species (Table 2) , out of which six were broadleaved (grey alder, sycamore maple, silver birch, rowan, goat willow, trembling aspen) and three coniferous (spruce, Scots pine and larch).
We analysed tree height frequency distribution in the spring and autumn 2014 for spruce and rowan ( Fig. 2a and  2b) . While most of the spruce trees were at a height class 51 -100 cm, most rowans were at a height class of 101 -150 cm. Another difference between the species was found for the height class over 400 cm, in which much more rowans occurred than spruces. These differences indicated faster height growth of rowan than spruce even though terminal browsing by red deer was observed for rowan with higher frequency (data not shown). Similar finding was obtained by Šebeň et al. (2015) for natural generation recorded in the declining spruce stand in the TNP. Interesting results were also found for the height class up to 50 cm. While the Certain differences were found in the proportion of standing stock components not only between the spring and autumn but also between transects T1 and T2 (Fig. 3) . The differences between the spring and autumn standing stock related mainly to different foliage quantities in deciduous species (broadleaved trees and larch). Thus, the composition of the standing stock changed from spring to autumn more at transect T2 (prevailingly broadleaved trees) than at T1 (dominance of spruce). At transect T1, stem contributed to standing stock most (41% and 38% in the spring and autumn, respectively), and foliage least (22% and 27% in the spring and autumn, respectively). At transect T1, the highest contribution to standing stock was found for stem (54% and 48% in spring and autumn, respectively) and lowest for foliage (8% and 20% in spring and autumn, respectively).
ANPP of tree cover was slightly, but not significantly (Student's t-test considering p = 0.05) greater at transect T1 (315 g m −2 per year) than at T2 (391 g m −2 per year; Table  4 ). On the other hand, large variability among the plots was revealed (Fig. 4) . For instance at transect T1, ANPP varied from 0 (tree-less plots 13 and 24) to nearly 1,200 g m −2 per year. We could not find any clear pattern in spatial variability along the transects -plot number 1 was situated at the highest (995 m a.s.l. at T1 and 945 m a.s.l. at T2) and plot number 25 at the lowest altitude (970 m a.s.l. at T1 and 925 m a.s.l. at T2). The differences in ANPP of tree cover between the plots were most probably related to the actual state of the old (reproductive) tree cover and micro-site conditions. Certain differences between the transects were found also in the composition of ANPP by components (Fig. 5) . While a rather balanced contribution of components was found at T1 (stem -33%, branches -32%, foliage -35%), contrasts between the components (stem -26%, branches -34%, foliage -40%) occurred at T2.
Our results indicated that young stands with the dominance of spruce invested less proportion of carbohydrates to foliage (fast carbon cycling component) than the stands with the prevalence of broadleaved species. Moreover, forasmuch as broadleaved trees species rotate their whole foliage every year and spruce only one sixth of its foliage, we can assume much higher quantity of carbon cycled in broadleaves than in spruce. Our results on ANPP of tree cover and its structure could not be confronted with the findings from other works. Table 4 . ANPP in tree cover by components at transect T1 (Danielov dom) and transect T2 (Horný Smokovec). Mean values and standard deviations (in brackets) are shown. The differences between transects T1 and T2 were not significant (Student's t-test, α = 0.05). The main reason is that the previous research focused exclusively on older forest stands (e.g. Xiao et al. 2003; Tateno et al. 2004; Yuste et al. 2005; . Only our previous study in young spruce and beech (Fagus sylvatica) stands showed that while the contribution of foliage to standing stock of aboveground biomass was much larger in spruce than in beech, the share of foliage to ANPP was nearly at the same level in both species. Very probably, the structure of ANPP does not vary only between different species but might change with the age of trees. For instance, Pajtík et al. (2011b) showed that in the biomass allocation of young beech and oak (Quercus petraea) stands the contribution of foliage was rather stable, but clear changes occurred in the ratio between stem and branch quantity. 
conclusions
The results indicated that although the standing stock of the aboveground biomass in young post-disturbance tree cover was rather small (between 6.3 and 10.5 t.ha −1 ), its annual production was relatively large (3.2 and 3.9 t.ha −1 per year at transects T1 and T2, respectively). We did not find clear differences in the standing stock and ANPP between the transects (even though they had different tree species compositions). Certain contrast between transects T1 and T2 was found in the structure (regarding tree components) of standing stock and ANPP. These differences were probably caused by the variability in the proportion of spruce and broadleaved tree species. We found very large spatial variability in ANPP of tree cover that was perhaps related to the distribution of reproductive tree cover and micro-site (soil) conditions.
Seeing that our study in the TNP covered exclusively the aboveground parts of tree biomass, we plan to extend our future research also to belowground biomass standing stock and production as well as the total biomass of other plants (bushes, herbs and grasses). Moreover, biomass standing stock and production will be assessed on a net of plots representative for the area affected by the windstorm. Such a complex study will allow more reliable estimates of carbon storage and rotation in vegetation cover accrued after the large-scale forest disturbance in the TNP.
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